We present some new ideas on important problems related to primes. The topics of our discussion are: simple formulae for primes, twin primes, Sophie Germain primes, prime tuples less than or equal to a predefined number, and their infinitude; establishment of a kind of similarity between natural numbers and numbers that appear in an arithmetic progression, similar formulae for primes and the so called generalized twin primes in an arithmetic progression and their infinitude; generalization of Bertrand postulate and a Bertrand like postulate for twin primes; some elementary implications of a simple primality test, the use of Chinese remainder theorem in a possible proof of the Goldbach conjecture; Schinzel Sierpinski conjecture; and the Mersenne primes and composites, Fermat primes and their infinitude. Lastly we define other twin primes and provide a simple argument in support of their infinitude.
The problems related to primes which have received a wider attention in mathematical as well as nonmathematical circles are respectively twin prime conjecture and Goldbach conjecture. These two problems top the list of unsolved problems in number theory. In this paper we deal with these problems.
Formulae for primes and twin primes ≤ x :
The number of primes and twin primes less than or equal to x, ) (x π and ) (x T respectively, can be expressed in terms of the following formulae: The following lemma 2.1 is a standard well-known result which directly follows from the sieve of Eratosthenes using the inclusion-exclusion principle [2] . , → Euler's formula.
So, using the smallness of end correction and prime number theorem, we have
The next lemma 2.2 can also be easily obtained, again, using inclusionexclusion principle as described below: 
Thus, in order to count the twin-prime pairs we need to count those primes p which satisfy both the conditions (a) and (b). We proceed with this counting in a similar way as is done to find ) (x π in terms of the well known formula stated in the lemma 2.1 and obtain the above given formula for ) (x T .
In counting something using inclusion-exclusion principle the term which is subtracted first (first term in A and B ) eliminates the undesired terms and the other terms are to bring about the corrections caused by under/over counting.
In the formula stated in equation (1) are not counted, in fact they get omitted during formation of A and B, so we add them separately. Hence, the lemma. 
. So with this we can write the above formula for twin primes in a simplistic form as follows: 
, which can be further written as
ω change in such a way that they keep approaching each other, so that we can grant
Probability Theory Arguments for Primes and Twin Primes:
We now proceed to discuss probability theory arguments that justify approximate equalities (2.1) and (2. 2). 
. Therefore, the number of primes less than or equal to x will be Clearly, for an x ≤ α chosen at random, the probability that
. Therefore, the number of twin prime pairs less than or equal to x will be 
In order to estimate this sum we consider the following power series: 
The above inequality shows that the infinite series
Thus,
Now, one can easily see that
, and 
It is important to note that modulo a prime
there exists a unique remainder β apart from the remainder 0 which is disallowed to achieve primality of the pair
. So, here also, we can proceed on similar lines and can develop similar theorems for the Sophie Germain primes like the theorems that are developed above for twin primes .
We now define and study a special kind of Dirichlet Function, 
Lemma 4.4:
The Euler product for 
, and
Lemma 4.7:
, and so, 
Now, if we assume that twin primes are finite then as 0 → σ the right hand side of the above equation will remain bounded but the left hand side goes to infinity which is absurd. Hence, twin primes must be infinite. (2), (2, 6) , (4, 6) , (2, 6, 8) .
Prime k─Tuples
While deriving a formula for twin primes we had noticed and used the fact that a pair of numbers ( 2 , + n n ) forms a twin prime pair if and only if ) mod( 2 
then the number of ( k )─tuples of primes Proof: Proceeding on similar lines as is done for lemma 2.1 one can easily obtain the result.
. So with this we can write the above formula for the count of prime k -tuples in a simplistic form as follows:
... ) ( 
where [q] represents the integral part of q, and
(ii) = u the cardinality of the set of forbidden values of remainders corresponding to the
change in such a way that they keep approaching each other, so that we can grant
As is done in section 3, theorem 3.2, for the case of twin primes, one can proceed exactly on similar lines with developing probability theory arguments to count the prime k-tuples x ≤ that will lead to a formula justify approximate equality (5. 
are simultaneously prime.
Proof:
As is done in section 4, if we show that
that the above mentioned prime k-tuples in the statement of the theorem are infinite. We can proceed to accomplish this task by using methods of analytic number theory [3] , on similar lines as is done in section 4 in the case of twin primes, by starting this time with equation (5.1), and show assuming the (justified) validity (by probability theory arguments) of equation (5.2) that
, where Ω is a constant. Hence etc.
Remark 5.1:
The Hardy-Littlewood conjecture states that if
. Consider the number line: 
), on the number line and count the primes contained in the shifted interval then they are always less than or equal to the primes in the initial interval. This conjecture looks quite reasonable but the beautiful theorem of Hensley and Richards forbids its validity when the prime k-tuples conjecture is true (see page 202 of the very remarkable book, [5] ). Proof: By the prime number theorem,
Generalized Bertrand
Now, by proceeding as is done in [4] it can be seen that
. Thus, the primes in the interval between x and x α are of the same order as those below x, hence etc.
Problem 6.1: Discover some nontrivial implications of this generalization.
With the estimation of the of twin primes, 
Cx
, and using the similar considerations used to settle usual Bertrand postulate [4] , one can easily get the result. 
e. it repeats after every p 
where C is the constant similar to one obtained in the theorem 3.1. 
denote the number of such primes less than or equal to x for which Q is primitive root modulo p , and ) (Q A is certain constant depending on Q .
9. Goldbach Conjecture: It asserts that every even integer greater than 2 is the sum of two primes. Stated in a letter to Leonard Euler by Christian Goldbach in 1842, this is still an enduring unsolved problem. There are many other conjectures about prime sums given in [6] .
We begin our discussion with some elementary observations. If a number m is not prime and 
L
, then P is not divisible by prime in the set B though Q is and Q is not divisible by a prime in the set A though P is, therefore P ± Q is not divisible by a prime in S. Also, 2 < N < α , hence by theorem 1.1, α is prime. We now proceed to propose a fresh new approach to deal with Goldbach problem and finally show that this new strategy is worthwhile for affirmative settlement of the problem. We begin with the statement of the following very useful theorem: 
be the successive primes such that (1)
Note that for any choice of To settle Goldbach conjecture for the even number equal to100 we need numbers (at least one) less than 100 which can be expressed simultaneously in the forms (a) Thus, among the four groups described in (2) there is a group having largest element M . It is easy to see that the largest element in other groups will lower down at least by 2×3 = 6. Now, since there are four such groups of type described in (2) there will be a group of elements having largest element equal to Note that the actual largest number in the list of the solutions obtained above using Chinese remainder theorem is 209 and therefore the smallest number in the list that we get is 209─192 = 11.
Let us now proceed with some useful lemmas: Lemma 9.1: Let n 2 be an arbitrary positive and even integer and let Thus, the number (= 107) corresponding to the forbidden remainder ) 2 (= modulo (7) has not appeared at the lower end of the span. Proof: With the consideration of high probability of nonoccurrence of the omitted choices producing zero remainder at the lower end we can replace almost all i u in the above span by 1 and we get the span of the order ≈ ) 1 ( Hence etc.
Corollary (Goldbach Conjecture):
Every even integer greater than 2 is the sum of two primes.
Proof:
The existence of p < n 2 as per above theorem implies the existence of its complement n q 2 < such that
The above given proof is existential type. To obtain the actual representation for an even number as sum of two primes when we land up at a number n 2 > in the list of suitable candidates the following strategy is sometimes useful:
( 
We now proceed to record the formulae of distances for the case of each prime and for each remainder modulo that prime. Modulo each prime, 
, on both left and right side of the number n on the number line, we will have positive remainders modulo 5, where,
One can continue in this way and determine the formulae for distance d , n d < < 0 , for all primes
such that we will have positive remainders modulo corresponding prime under consideration for numbers at the distance d satisfying these formulae, on both left and right side of the number n on the number line, and which (we aim to) should ultimately lead to the following congruence relations, namely,
, which settles Goldbach conjecture.
Thus, in order settle Goldbach conjecture we need to find distance d , n d < < 0 , which takes the form
, for all primes
we will have positive remainders modulo corresponding prime under consideration for numbers at the distance d satisfying these formulae, on both sides, left and right side of the number n on the number line.
Proof of theorem 9.4: Now, given 5 ≥ n we can determine uniquely the remainders i α satisfying the inequality
Using these values of i α we can find formulae (expressions) for distance d , as is concretely done above for Mod(2), Mod(3), Mod(5) cases, in the form
and where we will get 
is prime.
Schinzel-Sierpinski Conjecture:
This well-known conjecture [7] asserts that every positive rational number x can be represented as a quotient of shifted primes, i.e. there exist primes p and q such that chosen at random, the probability that 
. Thus, Fermat primes are infinite! Remark 11.2: One can develop a combinatorial formula to count the Fermat primes less than or equal to x as is done for counting primes less than or equal to x in lemma 2.1. [5] ). As stated in the above remark 11.3 one can achieve the desired infinitude of these special kind of Sophie Germain primes by proceeding on the similar lines as is done for theorems 11.1, 11.2.
Theorem 11.4: Let
Other Twin Primes: Prime numbers are infinite since the time when Euclid gave his one of the most beautiful proof of this fact! Prime number theorem (PNT) reestablishes this fact and further it also gives estimate about the count of primes less than or equal to x. PNT states that as x tends to infinity the count of primes up to x tends to x divided by the natural logarithm of x. Twin primes are those primes p for which p+2 is also a prime number. The well known twin prime conjecture (TPC) states that twin primes are (also) infinite. Related to twin primes further conjectures that can be made by extending the thought along the line of TPC, are as follows: Prime numbers p for which p+2n is also prime are (also) infinite for all n, where n = 1(TPC), 2, 3, …, k, …. Now, we provide a simple argument in support of all twin prime conjectures.
The celebrated prime number theorem (PNT) gives exact estimate for cardinality of primes up to 
